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Overview of new approaches to p-thalassemia treatment
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Abstract: Hemoglobinopathies are one of the most common single-gene genetic disorders globally, with approximately 1% to 5% of
the global population carrying the mutated gene for thalassemia. Thalassemia are classified into transfusion-dependent thalassemia
and non-transfusion-dependent thalassemia based on the need for blood transfusion. Traditional treatment modalities include blood
transfusion, splenectomy, hydroxyurea therapy, and iron chelation therapy, which are now widely used for clinical treatment and
constitute the main methods recommended in the -thalassemia treatment guidelines. However, there are multiple barriers and limitations
to the application of these approaches, and there is an urgent need to explore new therapeutic approaches. With the in-depth study of
the pathophysiological process of B-thalassemia, a deeper understanding of the pathogenesis of the disease has been gained. It has
been demonstrated that the pathogenesis of thalassemia is closely related to ineffective erythropoiesis (IE), imbalance in the ratio of o/
B-globin protein chains and iron overload. New therapeutic approaches are emerging for different pathogenic mechanisms. Among
them, new drugs for the treatment of IE mainly include activin receptor II trap ligands, Janus kinase 2 inhibitors, pyruvate kinase
activators, and glycine transporter protein 1 inhibitors. Correcting the imbalance in the hemoglobin chain is mainly due to emerging
technologies such as bone marrow transplantation and gene editing. Measures in reducing iron overload are associated with inhibiting
the activity of transferrin and hepcidin. These new approaches provide new ideas and options for the treatment and management of
-thalassemia.
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1 KZEIE

16 B- Mg i rh, 20 RN mIE T2 S8
LML LR 5 82 ek 21 40 M 1) 75 i I BRI G
A Dhfe. BRI I A WA ZT 40 B A R (erythro-
poietin, EPO) KA LA G . 7E KA A EPO
RIBCR, 20 R AT R gn i A4 1B P2 1E @it G5
JHF R b R R84 Tk W Wi 5 s 420 1 — 20 o o 6 )
. HAT, 697 IE KZ5Y F EaFEEI R 24 1
(activin receptor type II, Act RII) [ [ Bic /K. Janus
P 2 (Janus kinase 2, JAK2) #5155 4 B R 1k I
(pyruvate kinase, PK) ¥ 44 55 F1 H 2 R 7% 12 8 1 1
(glycine transporter 1, GlyT1) $il 7455 .

1.1 Act RIIPEFAEC (&

K AR F 11 (growth differentiation factor 11,
GDF11). Act RIIA/Act RIIB. %4k 4 KK 1 (trans-
forming growth factor, TGF) ZX 52 /R SE7E B- Hurh ik
B I 58 TR P R RS AT A O PR R R . X B
S (R AH 0 A 2 B85 R R 21 20 i 1) e B A LA (1)
FALRIBE T, T BHAS 2 R LA M o4k, FEeat
PR it fe B, TGF-B CLZ 4 IE B 7E I ST 20 40 i A=
e LA AR A B2, Act RITA F1 Act RIIB figf
B 2 R EC A (4245 GDF11 M1 TGF-B), it #i%
SMAD2/3 {5 Sl KRR IL, 52 MM
TWEN /TR, WE RS SRR A SR 1l e g B )
(B 1). Act RITA fil Act RIIB [ [¢ B BT 4 23 1) N
ACE-011 (Sotatercept) Il RAP-536 (Luspatercept) **,
BT 6 SMAD2/3 {5 5@ BE ok I 71 1ML, R
Al LA IE AREAE ) 20, i B- i A i 23 I A
1 2f S5 VR R (myelodysplastic neoplasma, MDS)
FER MM P R 30K 4738 ACE-011 (Sotatercept)
F1 RAP-536 (Luspatercept) F F-7597 B- Mo 23 i)
Wit
1.1.1 % Sotaterceptfd;&TT

Sotatercept 1f 4 — Ff fic. 4 B B, @ i 10
TGF- #8 5 o 1 I 5 20 20 A A= el B 18 458 R oK
ZYIEIE. fE 2012 4F 11 H % 2014 4F 11 H #0H], 4=
BT ANEEFR O AT T — I 2 IR, WK
16 44 i I A% 4 2 Hb 35 22 1ML (transfusion-dependent
thalassemia, TDT) £ 3 1 30 44 JE % I 44 i 24 4 =
7L 1M (non-transfusion-dependent thalassemia, NTDT)
B Ho, TDT B M Aia sy A A 13.8 1 H
NTDT & & 8 19.6 . B3 %2 X
Sotatercept B¢ FiEST, ¥GITHIE S M4 0.15 0.31 0.5,
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Table 1. Clinical trial statistics of treatment methods for f-thalassemia
Registered Drugs/therapy Route of medication Targets Development  Actual
number phase patients
NCTO01571635  Sotatercept Subcutaneous injection ACVR2; GDF11 Phase 2 46
NCT02604433/  Luspatercept* Subcutaneous injection GDF; TGFB; TGFBR Phase 3 336/90
NCT05567458
NCT02049450  Ruxolitinib Oral administration JAK2 Phase 2 30
NCT03692052  Mitapivat sulfate* Oral administration PK Phase 2 20
NCT04987489  Etavopivat Oral administration PK Phase 2 60
NCT03207009/  LentiGlobin* Intravenous injection Hbb Phase 3 18/23/19/7
CT02906202/
NCT01745120/
NCTO02151526
NCT05477563/ CTX-001 Intravenous injection BCL11A Phase 3 12/114
NCT04208529
NCT04364269  Vamifeport hydrochloride Oral administration SLC40A1 Phase 2b 25
NCT04059406  Sapablursen Subcutaneous injection TMPRSS6 Phase 2 29
NCT05752123/ ET-01 Intravenous injection BCL11A Phase 1 3/3/8
NCT04390971/
NCT04925206
NCTO05577312  BRL-101 Intravenous injection Hemoglobin Phase 1
NCT05442346  Autologous stem cell therapy  Intravenous injection - Phase 1/2
NCT03993613  Apotransferrin Intravenous injection TF Phase 2 10
NCT04054921/ Rusfertide Subcutaneous injection HAMP Phase 2 34/63
NCT03802201
NCT04411082  Tovinontrine Oral administration CAM Phase 2 122
NCT04432623  Benserazide Oral administration Hemoglobin Phase 1/2 36

Data from ClinicalTrials.gov, updated to May 28, 2023. *, Approved for sale. -, not available. HAMP, hepcidin antimicrobial peptide;
Hbb, hemoglobin subunit 3; TMPRSS6, transmembrane protease serine 6; GDF, glycodelin-F; TGFBR, TGFp receptor; JAK2, Janus
kinase 2; PK, protein kinase; SLC40A1, solute carrier family 40 member 1; BCL11A, B-cell lymphoma/leukemia 11A; CAM, calodulin 1;

TF, transferrin.

0.75 F1 1.0 mg/kg. /£ TDT 4+, 15 10 4 & (62.5%)

A B3 7 A i R i B

PRSI TR WY

() dn I S B R D T 20%, JEREE T 24 LA B 7
& B (43.8%) ML B 1 33% 5 2 B
(12.5%) I % ifn 2 2 982> 1 50% 5 1% 41 Sotatercept
) A %% 7 & 7 KT 0.5 mg/kg. £ NTDT 41+,
Sotatercept ¥ X 77 &~ 0.1~1.0 mg/kg, H 18 %
B (60%) 135 L2185 [ A 3G N FE 8 1.0 g/dL,
11 % B3 (36.7%) V- 14 I 21 25 (A 1) 38 fin g & it i
1.5 g/dL (https://classic.clinicaltrials.gov/ct2/show/
NCTO01571635) P, AT &, Sotatercept ZHLH T
REFIEY 22t REBUREHREWTY 2.
1.1.2 [ M Luspatercept GER & : FHFHEEHIEST
Luspatercept 1 /& — M Ml Jy i A4 2= #0177 i) =
Hih& 8 H. Luspatercept il EPO A 3 [A] i ff 21 41

GDF11 [l /N R4 R & . GDFI11 Al Act
RIIB 7£ 41 5 Hii #4480 i v (1) 2 1k e A5 40 i 73 44 1) ik
7T R BE DY, $o% GDF11 £ 20 248 fu i 3 2 4k o
FEAER . £ MDS /) 5 A CP, Luspatercept AE 1%
BEAR Smad2/3 iEPE. BRI, g/ 24 4 2R A
PR LA A B B, $ER4f ] Luspatercept 7]
REA2 YR IT T —FB 7%, el 2 &H X0 H IE 5
LM, HHEl, Luspatercept T\ 17E ¥ £ Il K 3t 56
153 7 N A (https://classic.clinicaltrials.gov/ct2/show/
NCT02604433, https://classic.clinicaltrials.gov/ct2/
show/NCT05567458) ; fE g 23 1ML & &, JLH
& NTDT &, 74 7R RIT R, IR R
BEAK 7 47 ok B 4, Luspatercept Z I 1
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Fig. 1. Diagram of SMAD2/3 signaling pathway. Growth differentiation factor 11 (GDF11), activin receptor type II A (Act RIIA) and
B (Act RIIB), and transforming growth factor (TGF) family receptors are over-expressed in immature erythrocytes of -thalassemia

spleens. Act RIIA and Act RIIB are recognized by a variety of ligands, including GDF11 and TGF-f3, and regulate gene expression by

activating SMAD2/3, which in B-thalassemia leads to the production of ineffective erythropoiesis (IE).

R AT 524, AT A f R s B L2 B K- 2
7B R 1 B, BedE, Luspatercept 4% 35 [F £
ih 2 i 5 B 5 P2 R (Food and Drug Administration,
FDA) #ti FI T-V697 TDT &3, @G 5&E A
1 mg/kg, B 3 Ji B FES 1K (https://www.fda.gov/
drugs/resources-information-approved-drugs/fda-approves-
luspatercept-aamt-anemia-patients-beta-thalassemia).
1.2 JAK2HHIFIR R

£ B- M MR T, & EPO /K5 JAK2/
STATS (signal transducer and activator of transcription
5) it % O OE DA R 21 2 AH 40 A 0 10 1 n %5 DA
x, X —IRAEMAT I A E ™. EPO 5H 2
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JAK2 WI 2877 IE IS FETRITHE AL
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] LAEGEE TE, 36 ] DL A oK %20, miF e e o,
i Fil Ruxolitinib ( —Fh JAK2 #0181 751 ) 7T A %t B- b
TSI R E A A, B, — Tl KU (https:/
classic.clinicaltrials.gov/ct2/show/NCT02049450) #iff
Ft 7 Ruxolitinib J6 97 H£46 BT I K1) TDT &35 1)
7RO 2 A . IS 30 4 TDT B2

T Ruxolitinib J&¥7, ¥4 55N 10 mg/ Ik, & H
PR, TSR Eon, JRTT JE A B B B8
SR, %A 98 % I Ruxolitinib Y47 I %45 B S48 F+
A ML KSF, DR AR 38 980D FH S ) i I
Fke WA, %A K B Ruxolitinib 1677 £4H 18k
WRAET &, EEEER R, ikt
FACE A R AR, B, IR
BABENBE =B B
1.3 PKELFTIRIR A

FEBAEVEAE BRI A AT b, O R A I S 9
i PK AN B LR E . PK AN HZS RS
ATP /b, (LA AS R AE AN A4k, 78 MR
P RGO R R B, 5 SO A i Y,
HHT, AHOCBIWE T E RO T PKOBRRA 51 Y 3
AR, I PSR /N BRI AR 3R AL 2 o
ST 20 0 FRD TR R4 2R AE 40 0 1 3, S 3 IE
A SCHRIEHE H, B- M 23 i i 3 TR ATP R RIAN 2
2140 Hf e DA 2 o 40 B (938 82 5 AT o B B TR
B B

AN, BE A 7R Mitapivat (AG-348, — il PK
WAL ) REBSEE = ATP /K-F. 84% IE. e 3T i
2 L A0 A7 3% SRR PR AR Ak g M Y o,
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Fig. 2. Diagram of Janus kinase 2 (JAK?2) signaling pathway. High erythropoietin (EPO) levels in f-thalassemia in response to anemia

and hypoxia are associated with activation of the JAK2/STATS pathway and an increase in the number of erythroid progenitors. The

interaction between EPO and its receptor drives accelerated phosphorylation of JAK2, which stimulates erythropoiesis.
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AN B- BR i A 2k DR T 00 A SR i B BT 0 B 3K
P (R A L ) B 5 3018 32 40 ) 5 X 40
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H T AW I 22 4 TDT &35 199 A I R il 5
[HGB-204 (https://classic.clinicaltrials.gov/ct2/show/
NCTO01745120) F1 HGB-205 (https:/classic.clinicaltrials.
gov/ct2/show/NCT02151526)] K H T iZH AR, Hr—
AT 13 F19E po/po FRI AL, A 12 filif 4L A
IKFAEE (8.2~13.7 g/dL), ANFEGE 4L 5 F4h—H
A 9 151 BO/BO Hk PRI A 88 25 A5 47 i /5 i 1L D> 1 73%,
Horp g 3 e kA 01 %7 VR SOET I PR IR 56
(https://classic.clinicaltrials.gov/ct2/show/NCT03207009,
https://classic.clinicaltrials.gov/ct2/show/NCT-
05752123) IEfE#E T H 2, A4k, A F K B- b
7 I L PR T 7 Zynteglo T+ 2022 4F 8 J1 17 H 3k
FDA #it#E, HT B- Mg M f)76 97 (https://www.
fda.gov/media/160994/download). #A T, LA12 % 7
DN LA (0 DR AN A M T P i U AR R, (HR
M T A% B 51 (BEA44 B AR 9% 50~100 J33£00 ), B
PAHES 3231 1 PR 1,

2.3 HREAFREHEA

T R PR 7 1k 2 5 R G R AR e SR IR
- B- 41 i 4k B8 K] F- 11A (B-cell CLL/Lympho-
ma 11A, BCL11A) ¥90n vy- M40 & AR~ 4, k32
IEBRE ABEACEAI B 1 0 B arE JUR R A
YRV, 3G CRISPR-Cas9. %% 3% Wi 71 FE 2™
PZIRE AR IR, IE7E A T 9m%E BCLI1IA 7Y,
iR AR A IR A R S A E A R RS
XM ITVEG ST B- M b g 3. T X — J7 V) 5
B PR AR 36 75 7E 3E 4T (https://classic.clinicaltrials.
gov/ct2/show/NCT05442346, https://classic.clinicaltri-
als.gov/ct2/show/NCT05577312). & [F 48 %= il 2 1)
I PR ik 36 (https://classic.clinicaltrials.gov/ct2/show/
NCTO05477563) 25 R KW, k% BCLI1A 4 &
WoR TR, v REMGJLIA S E R RIA.
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128 1l 1 55— Tl RS (https://classic.clinicaltrials.
gov/ct2/show/NCT04208529) ¥4 7 M iX FiG 7 5L
ﬁﬁﬂﬂﬁAﬂJ Sab, DA AT ROR T ik
TX G0 S5 D] - 2 4 B R R G BR B E@E?@Iﬁtﬁ??

—FE AT TT .
2.4 EEo-HKEAEERRIX

B- M Hh IR B ML 1K 23 - B AR A B- TR 2
R A RAE, FELB- BREE HBE A A BT 4
ANEeA L AR o- BRE H B SR 2
R o- BRE A AL AN A 5T, i
FSCAT A BB ) S A A 17, 5 BT 40 B T A R R A AT
YR A & A TE AV I

HAT, A8 B- g 2R MR KGR 245
1E B- BRE AR TR L, (HAH 2 RIAN a-
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Je Al LA 52 /0 U9 Rk, #E5 o- BRER AR IA
(P SREME A B- M A I 3 IRV 7 T 18 R

3 PRSI E

B- by v 2 I (7 S Rk # U A
SEOLER, e R )k e R AR B Rk e Bk B
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B- iy HH VAR I P 4R A1 2 B T 2R 7K P S R 4 By Bk
. BRI E R B 0 R BT, R
— M R TR 2 ok s d A IR B
TEIE SRS A . KRERIEEL IR LB 80 TR
Y C AR AT P T TR, IR RoRH I
Al RV PE,  dn o v ) Y B- b b ST I R )
BREFCRZT I, Yk /b E R B- Hborb g T I A R 1
m%*% [79,80]o
3.1 THEMRHNE

ARk 25l SRR, A Tf
PRI 550 R 5T R AR R R 1) TE 2R YT B- g AT I
() — g B . IR BRI T — B D RN Sy 7 TE 0
Hil7, 48 viti-2763, B AN RERH IR B)
HSRIAR RS T FECTERIAAZ R,
Manolova Z5£7E B- i i g 2% 1fil AR R R (Hbb™ /N i)
HARESE T viti-2763 1] LA I AR AT AR
B A AR ROS /K7, B4 T 44 SR A
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MNP 7 EREEIERS, 9> T EPO [ A, b
THFBE ot 4 ™ AR, viti-2763 23
B0 Hbb™ /N B B R T 0 40 R AE R s R4,
Viti-2763 TE1Z BN L 5e h R I T R G B 52 M,
I HLAR WS 1) 5 B MEAH AN BB B2,

HEr, AT #E— D viti-2763 W24k iy
e SRBN RN R N, IEAE AT —
T 1 3 I PR 48 36 (https://classic.clinicaltrials.gov/ct2/
show/NCT04364269). ZHF 7T 4NN T 4R 7E 18~65
B e B ML EIR S, SRERKA FEUF
A RF e HAN R HA s 7RG 2T,
viti-2763 £ 77 & ik B 8 i 60 mg i 2 S 1
HPAKERE R N s TEHRAE (MEZRE 4G
AL ) B R . 5 SRR IS ShE %21 2
WG IR FE . BRILZ A, 55— DX Tf i R
IS WIETERE T (https://classic.clinicaltrials.gov/ct2/show/
NCT03993613).

3.2 HHIEKIEREN

BRI E T — i 25 AN %0 TR Bk ik A Rl iR
FK¥ER, EEAMAMMp=E, B HAMP (Hepcidin
antimicrobial peptide) &K Zwfi . HAMP F K i gk
WRRMAMEE S, REUIE 4G EERREER.
B 25 T e P R VAT R A A3 I SR A i R gk N
EARLT R 7 N4 411 AN < | B 7=
S R 1 FH 45 DR 3R 3 AT Ak ek A R i R0A B H A,
HAMP B3 ) rusfertide VA 77 B- il 23 1ML (1165 R
TR I6 1E7E HEAT b (https://classic.clinicaltrials.gov/ct2/
show/NCT04054921, https://classic.clinicaltrials.gov/
ct2/show/NCT03802201),

PSR A B 22 2 R 6 (tranmembrane protease serine
6, TMPRSS6) &£ MR R 10 57— i 2. DBk
TMPRSS6 BRI B HREGHE FHRRERRILN
2y T, B REY, SRS RIA AR AR
6 HbL™" /N R FFAE S R0 B kK5
I B, 404N IR AF I R A i S Y. 1
Hbb™" /N, TMPRSS6 % [R] ) 2k 44 3k 9 mf
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